Based on the behavior coordinate system, ideal individual model and quantum probability, the state of an ideal individual is assumed to be described by the behavior state function. Then we present a conjecture that the ideal individuals can be identical. A consequence of the identical individual conjecture is that the existence of the personal space and the behavior differentiation under high population density condition receive a possible theoretical explanation.
The existence of the personal space (Hall, 1966; Katz, 1937; Sommer, 1959; Stern, 1938; Uexkull, 1957) and the behavior differentiation under high population density (Calhoun, 1962; Evans, 1979; Marsden, 1972) are two important and confusing issues in psychology. In this work, we propose a possible theoretical explanation for the nature of these two phenomena by employing the quantum psychology (Aerts, 2009; Bruza, Wang & Busemeyer, 2015; Busemeyer & Bruza, 2012; Chen, 2019; Khrennivov, 1999; Melhikh, 2019; Pothos & Busemeyer, 2009; Triffet & Green, 1996) .
Behavior coordinate system As position of a point particle is the basic variable in Newtonian mechanics, behavior or behavior position is the basic variable in psychology. Behavior refers to the observable actions of an individual, e.g. speech, body movement and emotional expression. Except for the intrinsic quantities such as age and gender, quantities such as motivation, emotion and personality are supposed to be functions of behavior and the derivative of behavior with respect to time. In other words, these quantities can be revealed by behavior and its derivatives (Tolman, 1948) .
An ideal individual is an idealization of humans or other species of animals. For an ideal individual, every possible behavior can occur with equal probability. These possible behaviors are elements of the set whose members are the behaviors of humans and animals that have occurred in the past, are occurring at present and will occur in the future. Different behaviors show different properties and make different species and different individuals.
Let the behavior coordinate system be a coordinate system that specifies each behavior point uniquely in a behavior space by a set of numerical behavior coordinates (Rosenhan, 1973; Hock, 2015) . The reference lines are the speech-axis (Q 1 -axis), the body-movement-axis (Q 2 -axis), the emotional-expression-axis (Q 3 -axis) and so on. For simplicity, we assume the behavior coordinate system is a Cartesian coordinate system, and the coordinate space is a n-dimensional Euclidean space R n . Of course, the behavior coordinate system is far from being well established. However, it can give some enlightening results.
Behavior state function The state of an ideal individual is assumed to be represented by a behavior state function |Ψ(x, q, t) which is expressed in Dirac notation (Chen, 2019) . |Ψ(x, q, t) is a vector in the Hilbert space, where t is time, x denotes the spatial space vector x = (x, y, z), q denotes the behavior space vector q = (q 1 , q 2 , q 3 , · · · ). q 1 is the speech coordinate, q 2 is the body-movement coordinate, q 3 is the emotional-expression coordinate, and · · · denotes other coordinates.
Adopting the Born hypothesis which gives the probability interpretation of the wave function in quantum mechanics, the behavior state function |Ψ(x, q, t) is a probability amplitude, such that ||Ψ(x, q, t) | 2 gives the probability of finding an ideal individual at a behavior point q at time t and spatial space x. There is the normalization condition
(1)
The integration is over whole behavior space and whole spatial space. In many cases, the spatial coordinates have small or even no effects on the individual's behavior and then the spatial coordinates are neglected. In some cases, the spatial space is taken as part of the environment. In consequence, the behavior coordinates are highlighted in these cases and the spatial coordinates can be integrated out
where c is a normalization factor. We assume the superposition principle holds for |Ψ and |ψ ,
In many references (Haven & Khrennikov, 2013; Busemeyer & Bruza, 2012) , the behavior state function |ψ(q, t) has been used actually to discuss problems although the behavior variable q is not given explicitly.
Identical ideal individuals Evidently, quantum effects do not appear in mechanical movement of human beings and animals according to the Heisenberg's uncertainty principle ∆x∆p ≥ /2 where is the reduced Planck constant (Greiner, 2001) . The considered quantum effects are in the behavior space with x 1 = x 2 = · · · = x, t 1 = t 2 = · · · = t, where x i is the position of the i-th individual at time t i . Two ideal individuals are identical if there should be no experiment that detects any intrinsic difference between them. The identical ideal individuals are those individuals that have the same age, gender etc. and behave in the same manner under equal conditions. Suppose there is a system of two indistinguishable individuals 1 and 2. The behavior state function reads |Ψ(x, q 1 , t; x, q 2 , t) . The state remains the same if the individuals 1 and 2 are exchanged. This operation is carried out by the operatorP 12
where λ is an arbitrary constant factor.P 12 is the permutation operator,
where I is the identity operator. A second exchange of these two individuals recreates the original state. Hence,
yielding two values for λ: λ = ±1.
Therefore eitherP
where
We call the behavior function |Ψ s with the eigenvalue +1 symmetric and |Ψ a with the eigenvalue −1 antisymmetric with respect to the exchange of two indistinguishable ideal individuals. Whether individuals are described by a symmetric or an antisymmetric behavior state function will depend on their nature. The identical ideal individuals should be classified into two classes: the bosonic individuals and the fermionic individuals. The bosonic individuals can be described by a symmetric state function |Ψ s and they can be in the same behavior state. The fermionic individuals are described by an antisymmetric state function |Ψ a and they can not be in the same behavior state, which is analogous to the Pauli principle in quantum mechanics.
The identical ideal individuals exist only in the behavior space. Human and animal are macroscopic objects whose motion in spatial space is described not by quantum mechanics but by Newtonian mechanics because different individual can not occupy the same spatial position. However, the ideal individuals can be regarded as being identical approximately under some conditions and then quantum effects will become prominent and obvious.
Discussions If the individuals are bosonic, they can have the same behavior state and a large fraction of them can occupy the lowest behavior state under some conditions as a Bose-Einstein condensate. It can be expected that the bosonic individuals will congregate not only in behavior space buy also in spatial space under some conditions. Evidently, the bosonic individuals who have the same behaviors and are assembled with high population density are not in the advantageous position in competition and survival of species according to Darwin's theory of nature selection. It can be expected that the species whose members are bosonic will be small in number if there exist this kind of species in nature and their living environment will be different from the environment where the fermionic species live.
If the individuals are fermionic, they can not occupy the same behavior state according to the Pauli exclusive principle. The same behavior or behavior pattern are repulsive. If the fermionic individuals are in the same behavior state, we can obtain |Ψ a = 0 from Eq. (9), which we call "zero state" or "dead state". The Pauli principle prevents the emergence of "zero state". Consequently, we can make a conjecture that the fermionic individuals need their personal spatial space because they can behave similarly as the spatial coordinates are considered. This discussion offers a possible theoretical explain for the existence of the personal space (Sommer, 1959) . Simultaneously, human beings and many species are expected to be fermonic.
As the ideal individuals are congregated with high population density, the difference between the spatial positions of individuals and their intrinsic properties maybe are indistinguishable approximately or can be neglected to some extent, therefore, the fermionic individuals will be regarded as being identical and they can not have the same behavior state. The fermionic individuals behaving similarly will be in "zero state", otherwise, they will be forced by the Pauli exclusive principle to be in different behavior states or to form different behavior patterns. This discussion gives a possible theoretical explanation for the behavior differentiation under the high population density (Calhoun, 1962) . The states are represented by the behavior state function |Ψ nm , where n and m are quantum numbers. As there are degenerate states, the same n is with different m, which offers the possible explanation for the quantities of rats taking different behavior patterns (Calhoun, 1962) .
Summary Based on the behavior coordinate system, ideal individual model and quantum probability, the state of an ideal individual is assumed to be described by the behavior state function. Then we propose a conjecture that the ideal individuals can be identical. The distinctive results are that the existence of personal space and the behavior differentiation due to high population density are possibly quantum effects. If the human beings and many species of animals are identical and fermionic under some conditions, the existence of personal space and the behavior differentiation under the high population density receive possible theoretical explanations from the Pauli exclusive principle. If the behaviors of other organisms such as bacteria can be described by quantum theory, the quantum effects maybe are more prominent.
